The Infrared Spectrograph (IRS) to be flown in the Space Infrared Telescope Facility (SIRTF) makes use of many recent technological advances and will enable numerous new scientific investigations. The IRS is a broad-band (5 to 40 ,Lm) low and medium resolution (R X/ 80 and 600) spectrograph, designed to take advantage ofthe low background conditions provided by SIRTF; it has no moving parts, and it will be background limited over much ofits wavelength range.
iNTRODUCTION
The IRS will be the SIRTF mstniment ofchoice for three key areas of astrophysical research. The first is redshift measurements of extragalactic sources, including those discovered from SIRTF's MIPS and IRAC observations (see preceding and following papers) . Redshifts and distances are critical for the classification of extragalactic sources and for detennining at which epoch they were formed. The second research area is the detection and measurement of emission lines in Galactic and extragalactic sources. With SIRTF, detailed studies of emission and absorption features in sources such as Fill regions in external galaxies will be possible for the first time. Such studies will determine the composition, electron density (Ne), and temperature (1,) of atomic and molecular gas in these objects. The third is spectroscopy ofcircumstellar disks around both Main Sequence (MS) and pre-MS (PMS) stars, to determine dust minerology and physical conditions of the disk from well-calibrated, high SIN, and continuous R 5O spectra, which are otherwise unavailable outside the 8 -13 pm atmospheric window.
SPECTRA OF HIGH REDSHIFT GALAXIES
We anticipate that the best way to gather redshifts of distant, faint sources will be to measure the observed wavelength of the prominent "10 jm complex"(from 3.3 to 12 m rest wavelength). This complex is mainly a very broad feature due to silicate material, but includes narrower (-O.5 m wide) features, thought to be due to PAHs or other large carbon-based molecules, and atomic emission lines as well. A wide bandwidth (low resolving power R) maximizes sensitivity to such broad features, but the bandwidth must be narrow enough to allow accurate wavelength measurements. A resolving power 50 will give at least 2 resolution elements over a 0.5 tm wide feature, and represents approximately an optimal tradeoff for redshift measurement purposes. If we are background limited, even higher resolving power is acceptable, since sensitivity can always be retained by summing spectral elements. However, in practice high resolution spectrographs have relatively low transmission, so a net loss results.
Wavelength coverage must be adequate to detect the 10 jm complex between z =0 and z 2.5; extended wavelength coverage may be required for very high z objects. High angular resolution is desirable to isolate galaxies which are expected to be only a few arcseconds in size.
For maximum sensitivity, the slit size should be matched to the diffraction limit of the telescope (for background limited observations), i.e. 1.0 X/D. The spectrum from 5 to 40 .im can be covered in 4 sections: 5 -10, 10 15, 15 -30, and 30 -40 m (four telescope positions). For R 50 at all ?, sampling two pixels per resolution element requires 100 pixels in the spectral direction.
LINE EMISSION FROM NEARBY GALAXIES
Infrared lines from ionized and neutral gas provide diagnostics about the physical state of the matter (temperature, density, presence of turbulence, magnetic fields) and derived elemental abundance ratios, and are relatively free from uncertainties introduced by interstellar extinction. Mapping line emission gives a complete picture ofhow these conditions vaiy within a galaxy itself. Both high spectral (for line work) and angular (for mapping) resolution are desirable for these studies. For most work, a resolving power of -600 is required for an adequate line to continuum ratio, and angular resolution at the diffraction limit of the telescope is useful to distinguish between arm and interarm regions in moderately distant galaxies.
One ofour objectives is to measure elemental abundances in galaxies in the local group and extend measurements ofthe brighter lines into the Virgo cluster to study abundance changes in galaxy properties (such as HI deficiency) and environments. As an example program, consider the galaxy M81, an Sab galaxy at 3.25 Mpc distance. Identified inner galaxy I-Ill regions vary in size from 3 to 8 arcseconds with H fluxes in the range 3 -11 x 1 08 W m2. Table 1 gives estimated line fluxes for some of the more important lines which can be used for measuring densities and elemental abundances. For the measurements to be useful as an abundance indicator we require a photometric accuracy of better than 7% per line. To isolate individual Fill regions and provide the highest resolution in the inner galaxy regions, the beam sizes must be of order 0.1 and 1.0 kpc (6.4" and 64 '9, respectively, as projected on the galaxy. The Virgo cluster is approximately five times farther away than M81. Since several HIT region complexes will now be in the beam, line fluxes will not decrease by a factor of 25 and a more likely diminuation is about a factor of 5, depending on theFill region filling factor.
DUST AND GAS IN CIRCUMSTELLAR DISKS
One ofthe principle goals of S1RTF is to examine the disks around PMS and MS stars. Imaging at A 25 tm will complement spectroscopy in determining mineral composition, gram size, temperature, and distribution of disk dust and gas. IRS tasks which defme the instrument requirements for this projects are silicate dust and molecular volatile spectroscopy.
Silicate dust has a strong emissivity feature between 7 and 15 jim, and weaker emissivity features between 18 and 40 tm; studies of small olivine grains (Mukai and Koike, 1990 ) suggest that there is little solid-state diagnostic information beyond 40 .im. Suggestive, but not conclusive, evidence of an olivine-like minerology has been found in the spectra of Beta Pic and several comets (Knacke et al., 1993) ; in part, the interpretation is handicapped by the limited S/N and wavelength coverage available to ground-based observation. The synthetic and measured spectra of Mukai and Koike (1990) and the JR mineral spectrum atlas of Salisbury et a!. show that a resolution R 50 will be adequate to identify the mineralogy of silicate dust. Low-resolution spectroscopy should cover 5-40 jim at R 50.
The recent detection ofwater vapor in T Tau stars (Shiba et a!., 1993) in the near-JR shows the value of gas-phase spectroscopy of volatiles around these objects at R 600 and in wavelength ranges where ground-based work is difficult or impossible even with I 0-rn apertures, often because these very same volatiles are components of the Earth's atrnosphere. The airn is to study the "atmosphere" of the dusty disk, the cool gas overlying the warmer midplane ofthe disk. Spectroscopy from 10 to 30 im includes lines from the abundant (in the giant planets) volatiles NI-IS and I-li 0, and the rare but interesting molecules CQ , HCN, and2C HC2.
INSTRUMENT DESCRIPTION
The Infrared Spectrograph consists of four independent spectrograph modules that provide low and moderate resolution spectra over the wavelength range from 5 to 40 tm. It has no moving parts. In addition, one of the modules contains a camera aperture for locating an JR source. By sending offset commands to the spacecraft control system a target can be accurately moved from the camera aperture to the slit of any of the four modules; this camera capability is called Peak-Up Mode. Table 2 lists the wavelength ranges and resolutions for the four modules; we refer to the R 600 modules as Hi-Res, though to most spectroscopists R 600 is a moderate or even low resolution. Wavelength coverage is to be continuous or nearly continuous over the specified ranges. 
Short Low Module
The Short Low module is a grating spectrometer and imager which covers the nominal spectral range from 5.0 to 1 5.0 itm at R 75 and provides Peak-Up images. The plate scale is 1.8"fpixel. It has a 1.0 tm overlap with the Long Low module. The Short Low aperture (Figure 1) is lollipop-shaped. The "sucker" end is the window for the Peak-Up image, and the "stick" is for R 75 spectroscopy. When the source is on the end ofthe stick nearest the "sucker", light passes through a 7.5 -15 m bandpass filter and is diffracted by the grating in first order. When the source is moved to the end of the "stick", light passes through a 5 -7.5 bandpass filter and is diffracted by the grating in second order. The detector is a 128 x 128 element Si:As BIB with 75
x 75 pixels developed by Rockwell.
6.1.a Peak-Up mode
When the source is in the 1' square sucker, light passes through a 7.5 -10.5 jim bandpass filter and is imaged in the same focal plane as the Short Low spectra. This image is used to identify a source in real time. The on board computer then generates offset coordinates to move the source to any ofthe slits. The offset would be a maximum of about 16 arc minutes. It is anticipated that the spacecraft control system can directly place sources on the wider long wavelength slits directly ifthe source co-ordinates are will known. The details of Peak-Up defmition depends upon the scheme chosen for the fine guidance system, the operational complexity oflarge offsets from Tycho or HST guide Stars, and the availability of a convenient coordinate system that is accurate at the subarcsecond level. In addition, the peak-up detector could provide pointing error signals for the facility's pointing system.
Long Low Module
The Long Low module is a grating spectrograph which covers the nominal spectral range from 14 to 40 at R 2 50. The plate scale is 4.8"/pixel. It has a 1.0 .im overlap with the Short Low module. The Long Low aperture consists of two slits. When the source is in one slit, light passes through a 14-21 jem bandpass filter and is diffiacted offthe grating in second order. When the source is moved to the other slit, light passes through a 21 -40 im bandpass filter and is diffracted offthe grating in first order. The detector is a Si:Sb BIB array ofthe same geometry and manufature as the Si:As array.
Short High Module
The Short High module is a cross-dispersed echelle spectrograph which covers the nominal spectral range from 1 0 to 1 9.5 m at R 600. The plate scale is 2.4'Ipixel. It has a small overlap with the Long High module. The Short High aperture is a single slit, only 2 by 5 pixels. Its size is dictated by the numerology of packing nearly an octave of a cross-dispersed echelle spectrum onto a 1282 array without spatial overlap oforders. A 10-19.5 im bandpass filter can be placed near a pupil rather than near the slit, since the predisperser grating operates only in first order. The detector is a Si:As BIB.
Long High Module
The Long High module is a cross-dispersed echelle spectrograph which covers the nominal spectral range from 19.5 to 38 at R 600. The plate scale is 4.8"/pixel. It has a small overlap with the Short High module. The Long High aperture is a single slit, only 2 by 5 pixels, for the same reasons as the Short High Module. A 19.5 -38 bandpass filter can be placed near a pupil rather than near the slit, since the predisperser grating operates only in first order. The detector is a Si:Sb BIB. Using the background flux spectrum shown in Figure 4 and the instrument characteristics discussed earlier, we calculate the sensitivity curves shown in figure 5 and 6.
DETECTORS
All four detectors modules use BIB detectorswith a 128 x 128 format of 75 x 75 m pixels. Table 3 shows the requirements. 
